Self-incompatibility (SI) in Citrus is known in cultivars and plants of pummelo, pummelo relative, and mandarin; however, the detailed mechanism of self-incompatibility and the allelic diversity of the SI gene (S) are not known because of the presence of barriers such as nucellar embryony, male sterility, and a long juvenile phase. Thus, there is little information on S genotypes of Citrus cultivars at present. In this study, the S genotypes of Citrus cultivars were estimated with the aid of allozymes produced by a glutamate oxaloacetate transaminase isozyme gene (Got-3), which appeared to link to the S gene. Of twenty-two F 1 progenies from eleven crosses and their reciprocal crosses with eight monoembryonic SI cultivars, including 'Banpeiyu' pummelo, three F 1 progenies from three crosses and three from reciprocal crosses showed segregation distortion for the Got-3 gene, suggesting the presence of the same S alleles in the cultivars used for the reciprocal crosses. Defining the 'Banpeiyu' genotype as S 1 S 2 , the genotype was estimated as S 1 S 3 for 'Tosa Buntan', S 4 S 5 for 'Hassaku', S 6 S 7 for 'Yuge-hyokan', and S 1 S 6 for 'Shishiyuzu'. Further allozyme analyses for segregation distortion in progenies from eight crosses with eight monoembryonic SI cultivars suggested the possibility that 'Hyuganatsu' has S 1 allele, while those from 15 crosses between the eight monoembryonic SI cultivars and five polyembryonic self-compatible cultivars suggested the possibility that 'Rough lemon' has S 1 allele. The estimated genotypes, consisting of two of the nine alleles (S 1 to S 8 and S f ) in these Citrus cultivars, may be useful for further estimation and determination of S genotypes in Citrus cultivars and plants.
Introduction
Since the publication of the first report on selfincompatibility (SI) over one hundred years ago (Darwin, 1876) , SI has been known in many flowering plants. SI was defined as the inability of a fertile hermaphrodite seed plant to produce a zygote after self-pollination (de Nettancourt, 1977) . SI is usually controlled by a single multi-allelic S locus, but a complementary multiplelocus system also exists in SI plants such as grasses (Yang et al., 2008) . Two types of SI, gametophytic and sporophytic, are known (de Nettancourt, 1977) .
Fertilization is rejected through the inhibition of pollen tube growth in the style when the S haplotype of the pollen grain matches either the two S haplotypes of the diploid style in gametophytic self-incompatibility. Two gametophytic SI systems have been studied at the molecular level: the S-RNase system (RNA degeneration: Lee et al., 1994; McClure et al., 1989; Yamane and Tao, 2009) in the Solanaceae and Rosaceae and Papaver system (Ca 2+ signaling cascade: Wheeler et al., 2010) in the Papaveraceae. In Citrus (Rutaceae), however, the mechanism of self-incompatibility is not known well not only at the molecular level but also at the genetic level.
Because of the economic importance of both pollination for seeded fruit production in Citrus cultivars without high parthenocarpy and seedless fruit production in those with high parthenocarpy, many studies of selfincompatibility have been carried out (Hearn, 1969; Iwamasa and Oba, 1980; Soost, 1964; Yamada, 1988; Yamamoto et al., 2006) , since Nagai and Tanikawa (1928) firstly reported that several Citrus varieties were self-incompatible. Soost (1965 Soost ( , 1969 studied the segregation of self-incompatibility in F 1 progenies from several crosses with Citrus cultivars and found a gametophytic self-incompatibility system, which may be controlled by a single codominant S gene with multiple S alleles. Soost (1969) also found that the genotype of self-compatible grapefruit was composed of self-fertility (S f ) and self-incompatibility (S n ) alleles, since F 1 seedlings obtained by several crosses with grapefruit segregated into self-compatible and self-incompatible seedlings. Vardi et al. (2000) and Yamamoto et al. (2006) also found on the basis of segregation of selfincompatible hybrid seedlings that the genotypes of satsuma mandarin and sweet orange were S f S n . For a considerably long time after the work of Soost (1969) , there was nothing but a few reports on the genotyping of Citrus cultivars for the S gene (Kim et al., 2010; Ngo et al., 2010b; Wakana et al., 1998) , probably because of the existence of several barriers, such as male and/or female sterility, nucellar embryony, and a very long juvenile phase in zygotic seedlings for five to more than ten years.
Initial linkage studies with molecular markers were carried out with isozyme genes in many flowering plants including Citrus (Torres et al., 1985) . Linkage between isozymes and S locus was found in rye (Wricke and Wehling, 1985) , Nicotiana alata (Labrochep et al., 1983) , Lolium perenne (Cornish et al., 1980) , Malus domestica (Batlle et al., 1995; Manganaris and Alston, 1987) etc. Wakana et al. (1998) carried out glutamate oxaloacetate transaminase (GOT or AAT: aspartate aminotransferase) isozyme analysis of progenies of self-incompatible Citrus cultivars and found that the Got-3 gene appeared to link to the self-incompatibility gene S with a distance of 31 cM. Based on the distorted segregation of Got-3 genotypes in the F 1 progenies between self-incompatible cultivars, they postulated S genotypes in some cultivars with the definition of the genotype of 'Banpeiyu' pummelo as S 1 S 2 . Ngo et al. (2010b) observed pollen tube behavior in controlled pollination with a restricted number of pollen grains (about 100 pollen grains per stigma) from cultivars whose Got-3 genotypes were determined and S genotypes were predicted, and found that number of pollen tubes penetrating the lower onethird of the style was lower in pollinations between cultivars with one predicted S allele in common than in those without.
To accurately assess whether different Citrus cultivars have a common S genotype or not, examination of cross incompatibility or pollen tube arrest in their reciprocal crossings is necessary and appropriate. Similarly, accurate assessment of whether Citrus cultivars have a common S allele is possible only when their reciprocal crosses are carried out: the same degree of segregation distortion for Got-3 genotypes appeared in two progenies from reciprocal crosses. This phenomenon is a specific characteristic of self-incompatibility. In this study, GOT isozyme analysis was carried out to detect segregation distortion of Got-3 genotypes in progenies from reciprocal crosses with self-incompatible Citrus cultivars, and the cultivars were S-genotyped on the basis of the segregation distortion patterns. Self-incompatible cultivars with the estimated S genotypes were used to pollinate other Citrus cultivars, and the progenies obtained were also analyzed for Got-3 to roughly estimate the S genotypes of these cultivars.
Materials and Methods

Plant materials
Three pummelo cultivars, 11 pummelo-related cultivars, 'Fukuhara' orange, 'Hyuganatsu', 'Rough lemon', and one Tachibana accession collected from Izu Peninsula were used for crosses to produce F 1 progenies (Table 1) . These trees were grown in the orchard of Kyushu University, Fukuoka, Japan. Grapefruit and sweet orange are semi self-compatible (Soost, 1969; Yamamoto et al., 2006) and polyembryonic. Selfincompatibility and monoembryony in other cultivars and accessions are listed in Table 1 . Self-incompatible 'Banpeiyu' pummelo, whose S genotype was defined as S 1 S 2 (Wakana et al., 1998) , was used for joint segregation analysis between S and GOT isozyme genes in the progenies. Thus, 'Banpeiyu' was used as a key cultivar for the production of F 1 progenies in this study. In addition to 'Banpeiyu', six self-incompatible cultivars, 'Tosa Buntan', 'Hassaku' 'Yuge-hyokan', 'Shishiyuzu', 'Anseikan', and 'Kochi Hakuyu', were used for reciprocal crosses to produce F 1 seedlings with which their S genotypes were estimated.
Crossing to produce F 1 progenies
The flower buds of these cultivars were bagged one day before anthesis, and fresh pollen on the dehisced anthers was directly used for cross-pollination the next day. The emasculated flower buds just before anthesis in monoembryonic cultivars were hand-pollinated with fresh pollen and bagged to prevent further pollination. The pollinated fruits allowed to grow were harvested in November, by which time embryos had matured in all cultivars irrespective of the date of fruit ripening (Wakana et al., 2004b) . About 150 fertilized embryos were collected from each cross, immediately germinated on wetted filter paper under 25°C, and directly used for GOT isozyme analysis or transplanted into pots filled with commercial soil for fruit trees. The transplanted seedlings were allowed to grow under greenhouse conditions (>10°C) up to March of the next year.
Progenies derived from several crosses, which were reported previously (Wakana et al., 1998) , were reassessed in this study on segregation distortion for Got-3 alleles carried by pollen and eggs.
GOT isozyme analysis
The young leaves of 17 cultivars, one accession, and 5-to 12-month-old F 1 seedlings as well as germinating zygotic embryos were used for enzyme extraction. Enzyme extraction, polyacrylamide slab gel electrophoresis, and gel staining were carried out according to the procedure described by Wendel and Parks (1982) with some modification. Approximately 0.2 g tissue with a small amount of sea sand was homogenized with 1.5 mL chilled extraction buffer containing 0.04 M Naphosphate, 0.2 M sucrose, 0.001 M EDTA, 0.003 M dithiothreitol, 0.005 M ascorbic acid (Na-salt), 0.003 M sodium bisulfite, 0.006 M diethyldithiocarbamate, and 0.1% mercaptoethanol (final pH = 7.3). Five percent of PVP-30 was also added instead of PVP-40. Their resulting extract was immediately mixed with oven-dried polyvinylpolypyrrolidone and kept in a refrigerator for some hours. The homogenate was centrifuged for 15 min at 12,000 × g, and the supernatant (about 20 µL) was immediately used as a sample for electrophoresis, or kept in a freezer at −20°C until use. In the polyacrylamide slab gel (18 × 20 cm), the samples were run at constant voltage of 100 V for 45 min until they entered the running gel. Then, the voltage was increased to 300 V for 5 h. The temperature of the electrode buffer was kept at 4°C in a cooler. At the end of electrophoresis, gels were stained with Fast Blue BB salt for GOT in an incubator at 37°C for 30-60 min under dark conditions, according to the procedure described by Wendel and Weeden (1989) . 
Genetic interpretation of zymogram
The GOT zymograms of leaf extracts revealed three zones of enzymatic activity, designated Got-1 (Torres et al., 1978) , Got-2 (Hirai et al., 1986; Torres et al., 1978) , and Got-3 (Hirai and Kajiura, 1987) in sequential order from the cathode. At Got-3, the allele coding for most anodal band was given a subscript a, the next anodal band was described as b and so on according to Ngo (2001) , who found nine alleles for Got-3 in Citrus cultivars and plants (Fig. 1) . Typical zymograms of GOT in four cultivars and their hybrid seedlings are shown in Figure 2 together with the interpretation of the Got-3 gene. Three of the nine alleles e, f, and i, are exclusively found in pummelo (Ngo et al., 2010a) and pummelo relatives.
Segregation distortion for Got-3 genotypes in F 1 seedlings due to linkage to the S gene was statistically analyzed for the 1 : 1, 1 : 2 : 1, and 1 : 1 : 1 : 1 expected segregation ratios when parents did not have an S allele in common. When F 1 seedlings showed the expected ratio of 1 : 1 : 1 : 1, statistical analysis was carried out not only for Got-3 genotypes of F 1 seedlings but also for Got-3 alleles carried by male and female gametes to infer recombinants from the segregation distortion (e.g., 14cf and 20fn for F7a and 21ce and 14cf for F7b in Table 2 ); when parents do not have S allele in common, the expected segregation ratio in the progeny is 1 : 1 for Got-3 alleles carried by them (e.g., F2a and F2b in Table 2 ). When segregation of Got-3 genotypes skewed significantly from the 1 : 2 : 1 expected ratio in the F 1 seedlings derived from the crosses with cultivars having the same heterozygous Got-3 genotype (e.g., F1a and F1b listed in Table 2 ), segregation distortion for alleles delivered from female gametes was statistically analyzed with the expected ratio of (ee + ff) : (ef + ef) = 1 : 1, for the reason that in the case where the e' allele links to the S allele in the pollen parent, the ratio of (e'e + ff) : (e'f + ef) should be 1 : 1, irrespective of the rate of recombinants (e'e and e'f) or segregation distortion due to linkage of the e' allele and the S allele. When no segregation distortion occurred in the progeny, it was estimated that the parents did not have a common S allele. When segregation distortion for the genotypes was found in the progeny or Got-3 alleles carried by pollen, the seedlings derived from the reciprocal cross was examined to verify the presence of the common S allele. Based on this theory, segregation distortion data for several crosses reported by Wakana et al. (1998) were cited and reassessed to correct their assessment of S genotypes and a mistake in the cultivar name.
Nomenclature of S alleles
According to the nomenclature of S alleles by Soost (1969) , we used S n as a gene symbol of S allele in Citrus instead of S n , which is generally used as an allelic symbol in many plants and animals, wherein S n indicates a gene but not an allele. First, the genotype of 'Banpeiyu' was defined as S 1 S 2 . Then, S alleles were numbered as S 3 , S 4 , S 5 , and so on in the order of their estimation. The genotypes of 'Banpeiyu' for Got-3 and S genes were revealed as eS 2 /fS 1 , indicating linkage between alleles e and S 2 and between alleles f and S 1 . The notation of the genotypes of other cultivars followed those of 'Banpeiyu'.
Results and Discussion
Of eleven pairs of reciprocal crossing with monoembryonic and self-incompatible Citrus cultivars, four showed segregation distortion for Got-3 in the progenies (F1, F4, F7, and F8 in Table 2 ). Since 'Banpeiyu' (S 1 S 2 ) × 'Tosa Buntan' cross and the reciprocal cross (F1a, F1b in Table 2 ) showed significant segregation distortion for Got-3 in their progenies and since significant distortion was detected in Got-3 alleles carried by male gametes but not by female gametes, the Got-3 and S genotypes were estimated to be eS 2 /fS 1 for 'Banpeiyu' and eS 3 /fS 1 for 'Tosa Buntan'. Here, 10 seedlings with ff genotype and the almost equivalent number (around 10) of seedlings with ef genotype are recombinants in F1a progeny, while 16 seedlings with ff and the almost equivalent number (around 16) of seedlings with ef are recombinants in F1b progeny.
Reciprocal crosses between 'Tosa Buntan' and Table 2 . Continued.
z The expected ratio is when both parental cultivars do not have any S alleles in common. y Calculated with 1, 2, 3 degrees of freedom for 1 : 1, 1 : 2 : 1, and 1 : 1 : 1 : 1, respectively; *P < 0.05, **P < 0.01, ***P < 0.001.
x The data were cited from Wakana et al. (1998) Table 2 ), suggesting that 'Hassaku' does not have S 1 , S 2 , and S 3 alleles: it has a different S genotype from those of 'Banpeiyu' and 'Tosa Buntan'. Thus, Got-3 and S genotypes of 'Hassaku' are estimated to be eS 4 /nS 5 . Here, n indicates a null allele of Got-3 (Hirai and Kajiura, 1987) . Both F 1 progenies from reciprocal crosses between 'Yuge-hyokan' and 'Banpeiyu' (F4a and F4b) showed significantly distorted segregation for Got-3, but Got-3 alleles carried by eggs of the seed parents also skewed significantly. When both cultivars were used as seed parents in the other crosses, Got-3 alleles carried by eggs did not skew in the progenies derived from most of the crosses (e.g. F1a, F3a, F5a, F8b, F12, F15, and F16 in Table 2 ). Exceptional cases were seen in F17 and F38 progenies (Tables 2 and 4) , wherein significantly skewed segregation of Got-3 alleles was detected for the eggs of seed parents 'Yuge-hyokan' and 'Banpeiyu', respectively. This suggests that the skewed delivery of Got-3 alleles to progenies is not a rule in eggs of both cultivars, but it happens to occur with low frequency; however, the reason for the distortion is not clear at present. It is inferred from these facts that the distorted segregation in F4a and F4b progenies resulted mainly from eggs with a small or no affect of pollen, and 'Yuge-hyokan' has neither S 1 nor S 2 . The progenies from reciprocal crosses between 'Yuge-hyokan' and 'Hassaku' did not show segregation distortion for Got-3, suggesting that 'Yuge-hyokan' does not contain S 4 and S 5 .
Both progenies from the reciprocal crosses between 'Shishiyuzu' and 'Hassaku' did not show segregation distortion for Got-3, indicating that 'Shishiyuzu' does not have S 4 and S 5 alleles (F6a and F6b in Table 2 ). Both progenies from reciprocal crosses between 'Shishiyuzu' and 'Tosa Buntan' showed significantly distorted segregation for Got-3. The significantly distorted segregation for Got-3 alleles carried by pollen in the both progenies indicates that 'Shishiyuzu' and 'Tosa Buntan' have an S 1 allele in common and 'Shishiyuzu' does not have an S 3 allele. Here, the recombinants are 14cf and 20fn in the progeny from 'Shishiyuzu' × 'Tosa Buntan' cross and 21ce and 14cf in the progeny from the reciprocal cross (F7a and F7b in Table 2 ).
Both progenies from reciprocal crosses between 'Shishiyuzu' and 'Yuge-hyokan' showed significantly distorted segregation for Got-3 (F8a and F8b in Table 2 ). The significantly distorted segregation for Got-3 carried by only male gametes in both progenies indicates that 'Shishiyuzu' and 'Yuge-hyokan' have the S 6 allele in common. Here, recombinants are 12ce and 20en in the progeny from 'Shishiyuzu' × 'Yuge-hyokan' cross and 7cn and 12fn in the progeny from the reciprocal. Thus, the genotypes of 'Shishiyuzu' are estimated to be cS 1 / nS 6 and those of 'Yuge-hyokan' to be eS 6 /fS 7 .
Reciprocal crosses between 'Anseikan' and 'Tosa Buntan' generated F 1 progenies that showed no segregation distortion for Got-3, suggesting that 'Anseikan' has neither S 1 nor S 3 alleles (F9a and F9b in Table 2 ). Similarly, reciprocal crosses between 'Kochihakuyu' and 'Tosa Buntan' generated F 1 progenies that showed no segregation distortion for Got-3, suggesting that 'Kochi-hakuyu' has neither S 1 nor S 3 alleles (F10a and F10b in Table 2 ). The F 1 seedlings from 'Honda Buntan' × 'Tosa Buntan' cross showed segregation distortion for Got-3 (F11a in Table 2 ), whereas those from the reciprocal did not (F11b in Table 2 ). In two crosses with 'Honda Buntan' (F13 and F17 in Table 2 ), significant segregation distortion due to unequal delivery of Got-3 alleles carried by pollen was detected in the progeny from 'Honda Buntan' × 'Shishiyuzu' (cS 1 /nS 6 ) cross (F13 in Table 2 ): in this case, c allele of Got-3 in 'Shishiyuzu' pollen was significantly suppressed. Thus, it is suggested that 'Honda Buntan' has S 1 allele and 18 seedlings with ce genotype and 10 with cf genotype are recombinants.
In addition to the reciprocal crossings mentioned above, segregation distortion for Got-3 in the progenies from crosses between self-incompatible Citrus cultivars listed in Table 2 was examined to confirm their estimated S genotypes. Significant segregation distortion for Got-3 alleles carried by pollen was detected in the progeny from 'Banpeiyu' (eS 2 /fS 1 ) × 'Shishiyuzu' (cS 1 /nS 6 ) cross as expected (F12 in Table 2 ). In the progenies from three crosses with 'Yuge-hyokan' used as a seed parent, no segregation distortion for Got-3 was detected (F15, F16, and F17 in Table 2 ), but significant segregation distortion for Got-3 alleles carried by pollen was detected in the progeny from 'Yuge-hyokan' (eS 6 /fS 7 ) × 'Anseikan' (cS ? / nS ? ) cross (F15 in Table 2 ): the reciprocal cross is necessary to confirm whether 'Anseikan' and 'Yugehyokan' have a common S allele or not. Contrary to the expectation, the progeny from 'Tosa Buntan' × 'Yugehyokan' cross showed significantly distorted segregation, which may be for Got-3 alleles from pollen (F14 in Table 2 ). In this case, the reciprocal cross is also necessary to confirm whether the distortion is caused by the S gene or not. The obscurity of segregation distortion in these progenies may be mainly due to the small sampling number of seedlings per crossing, since the distance of 31 cM between the two linked loci Got-3 and S is relatively long to obtain exact data for genotyping the self-incompatibility.
Eight crosses were carried out between Citrus cultivars with the estimated S/Got-3 genotypes and selfincompatible Citrus cultivars whose S genotypes were not estimated (Table 3) . Of the eight crosses, five (F18, F21, F22, F23, and F24 in Table 3 ) produced F 1 seedlings that showed significant segregation distortion for Got-3. The distorted segregation of F 1 seedlings in the five crosses is due to distorted segregation of Got-3 alleles carried by pollen, indicating the possibility that 'Hyuganatsu' and 'Hyokan' have one S 1 allele in common. The fact that no distorted segregation occurred in the progenies derived from the 'Hyuganatsu' × 'Hassaku' and 'Hyuganatsu' × 'Yuge-hyokan' crosses does not reject the prediction that 'Hyuganatsu' has the S 1 allele.
The cultivars with estimated Got-3/S genotypes were crossed with seven self-compatible and polyembryonic Citrus cultivars (Table 4) . Of 16 crosses carried out, F 1 seedlings derived from nine crosses (F26, F27, F33, F34, F35, F36, F38, F40 and F41 in Table 4) showed segregation distortion for Got-3; however, the progenies from two of the 16 crosses (F35 and F38) showed distorted segregation for Got-3 alleles carried by the eggs. The distorted segregation in F 1 seedlings derived from 'Tosa Buntan' × 'Kawano Natsudaidai' cross is due to imperfect rejection of pollen carrying one Got-3 allele c of 'Kawano Natsudaidai', coming to the conclusion that the S genotype of 'Kawano Natsudaidai' is either
The progeny from 'Hassaku' × 'Fukuhara orange' cross (F27 in Table 4 ) showed different kinds of distorted segregation, i.e., the appearance of seedlings with Got-3 e allele carried by male gametes was almost suppressed. This led to the postulation that the mechanism to reject pollen carrying the Got-3 e allele may be different from the SI system or may be due to chromosomal rearrangement occurring in the region, which resulted in tight linkage between the two loci in the 'Fukuhara Orange' genome. In four crosses with grapefruit cultivars used as a pollen parent, no crosses showed segregation distortion for Got-3 in their progenies (F28-F31 in Table 4 ). In three crosses with 'Rough lemon' used as a pollen parent (F32-34 in Table 4 ), F 1 seedlings from 'Tosa Buntan' × 'Rough Lemon' and 'Hyuganatsu' × 'Rough Lemon' crosses showed significant segregation distortion for Got-3: the number of those with Got-3 c allele carried by pollen was small, resulting in the postulation that the genotype of 'Rough Lemon' may be cS 1 /hS f . In three crosses with Tachibana No.1 used as a pollen parent (F35-37 in Table 4 ), 'Hyuganatsu' × Tachibana No.1 cross showed significant segregation distortion for Got-3 in their F 1 seedlings wherein the number of seedlings with Got-3 c allele was small, suggesting the possibility that Tachibana No.1 and 'Hyuganatsu' have the same S allele S 8 , since 'Hyuganatsu' (S 1 S 8 ), which is roughly estimated to be either S 1 S 3 or S 1 S 8 from the results of three crosses, is cross compatible with 'Tosa Buntan' (S 1 S 3 ).
Of four crosses with 'Zadaidai' sour orange as a pollen parent, two showed significant segregation distortion for Got-3 in their progenies (F38 and F40 in Table 4) , and three showed significantly distorted segregation for Got-3 alleles carried by pollen (F38, F40, and F41); however, significant segregation distortion was not detected in the progeny from 'Hyuganatsu' × 'Zadaidai' cross (F39 in Table 4 ). Because of the lack of rules in the segregation distortion in these progenies, Got-3/S genotypes of 'Zadaidai' were not predicted, but there is the possibility that they are cS 1 /fS f .
As only a little information is currently available for genotyping self-incompatibility in Citrus cultivars and plants, S-genotyping of Citrus cultivars with GOT-3 Table 3 . Segregation distortion for Got-3 in the progenies of self-incompatible Citrus cultivars crossed with self-incompatible cultivars with estimated S genotypes.
z The expected ratio is of the case where both parental cultivars do not have any S alleles in common. y Calculated with 1, 2, 3 degrees of freedom for 1 : 1, 1 : 2 : 1, and 1 : 1 : 1 : 1, respectively; *P < 0.05, **P < 0.01, ***P < 0.001.
x The data were cited from Wakana et al. (1998) allozyme markers in young seedlings less than one year old is a convenient and excellent method for making a rough but rapid estimation of the presence or absence of common S alleles between several monoembryonic Citrus cultivars with unknown S genotypes and heterozygous genotypes for Got-3. The results will be obtained within a year after pollination as compared with the ordinary methods of using adult seedlings, which may be available more than five years after selfpollination or cross pollination of the target cultivars with unknown S genotypes. At this stage, we do not have information about the molecular biology of the S gene in Citrus, estimation of S genotypes with allozyme markers followed by determination of them with pollination of homozygous S 1 seedlings for the S alleles may be a practical and reasonable approach to Sgenotyping Citrus cultivars and plants.
The result of this study with Got-3 allozyme markers to detect the presence or absence of S alleles in Citrus cultivars is summarized in Table 5 . The possible S alleles predicted without reciprocal crossings in this study were also added to Table 5 together with a question mark. The Table 4 . Segregation distortion for Got-3 in the progenies of self-incompatible cultivars crossed with semi self-compatible Citrus cultivars with estimated S genotypes.
x The data were cited from Wakana et al. (1998) Tosa Buntan (eS 3 /fS 1 ) × Zadaidai (cS 1 /fS f ) 1 8 ce : 33ef : 20cf : 29ff 1 : 1 : 1 : 1 6 . 1 6 ♀ 51e : 49f 1 : 1 0 . 0 4 0 ♂ 38c : 62f 1 : 1 5 . 7 6 0 * 293 assessment of S 1 allele in 'Zadaidai' sour orange as well as 'Hyokan' and 'Anseikan' is obscure and must be reassessed with other possible methods. Ngo et al. (2010b) carried out 56 controlled and restricted pollinations with about 100 pollen grains per stigma to examine whether they are semi-crosscompatible (SCC) or not. In SCC crosses in which the pistillate and pollen parents have one S allele in common, restricted pollination results in the penetration of a half of the pollen tubes into the style base. The results agree with the present assessment of S genotypes due to segregation distortion of the Got-3 gene (Table 5) ; however, a problem with this restricted pollination method is that the rates of pollen tubes penetrating the style base varied to some extent each year and each pistillate parent, and were very low in some cultivars, such as 'Zadaidai'. Kim et al. (2010) produced homozygous S 1 seedlings (S 9 S 9 and S 10 S 10 ) from self-pollinated 'Hirado Buntan', tentatively defined its S genotype as S 9 S 10 , and used them to pollinate Citrus cultivars to determine whether Citrus cultivars have S 9 and/or S 10 alleles. The normal growth of S 9 or S 10 pollen tubes in the pollinated styles in their research suggested that 'Banpeiyu', 'Tosa Buntan', 'Hassaku', 'Yuge-hyokan', 'Shishiyuzu', 'Anseikan', 'Hyuganatsu', and Tachibana No.1 used in the present study have neither the S 9 nor S 10 allele (Table 5) .
Estimation of S genotypes by segregation distortion of the Got-3 gene is not a perfectly reliable method but seems useful for rough S-genotyping of various Citrus cultivars within a short time of examination. The successfully estimated and roughly estimated S genotypes, including S 1 to S 8 alleles with this method, contributed or will contribute to the establishment of a series of plants homozygous for S alleles (Kim et al., 2010) and molecular analysis of the S gene in the near future. Young flower buds of the cultivars, whose S genotypes were estimated in this study, were selfpollinated with fresh pollen, and the S 1 seedlings obtained will be available soon for direct pollination examination to verify the estimated S genotype in each cultivar (Wakana et al., 2004a) .
